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Rec'd PCT/PTO 01 AUG 2001 

. 208959US3PCT 

IN THR U NITED STATF-S PATF.NT A. TRADEMARK OFFICE 
IN RE APPLICATION OF : 

NAOTAKA SAWADA ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: 09/831,896 : 

FILED: MAY 24, 2001 : 

FOR: PRECIPITATION TUBE FOR : 
CENTRIFUGAL SEPARATION 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
apphcation as follows: 

TN THE CLAIMS 
Please amend the claims as follows: 

3. (Amended) The centrifugal precipitation tube according to claim 1, wherein a seal 
member, coming in close contact with the inner peripheral surface of the intemal tube in a 
liquid-tight manner when ^id piston plug is inserted and fitted into said intemal tube, is 
mounted on and secured to the external peripheral surface of said piston plug, 

4. (Amended) The centrifugal precipitation tube according to claim 1, wherein upper 
end face of said intemal tube is opened in the internal part of said vessel body so that upper 
portion of said centrifugal separation chamber and the extraction chamber inside of the 
intemal tube are communicated to each other; and 



a slot is formed in the internal part of said piston plug in such a manner as to be 
opened at a lower end face and at an external peripheral surface of said piston plug. 

5. (Amended) The centrifugal precipitation tube according to claim 1, wherein said 
internal tube is provided with a communication aperture so that upper portion of said 
centrifugal separation chamber and the extraction chamber inside of the internal tube are 
communicated to each other through said communication aperture; and 

a slot opened at the lower end face and external peripheral surface of the piston plug is 
formed in the internal part of the piston plug, and a groove or a concave-surface part 
communicating to said slot is formed on the external peripheral surface of said piston plug. 

6. (Amended) The centrifugal precipitation tube according to claim 1, wherein the 
internal tube is formed so that inner diameter of upper side portion thereof is larger than that 
of the lower end portion, 

9. (Amended) The centrifugal precipitation tube according to claim 7, wherein a 
flange that comes in close contact with the upper edge portion of said vessel body either by 
interposition of a liquid- tight seal member or by direct engagement is formed on an upper end 
portion of said internal tube; 

a thread part is formed on an outer peripheral surface of the upper end portion of the 
mentioned vessel body; and seal means is formed by a cap having a thread part to be mounted 
on the upper end portion of the mentioned vessel body and screw threaded into the mentioned 
thread part, and which is provided with a through hole at the central portion of an upper 
surface; and 

wherein, by screw threading the cap into the upper end portion of the vessel body, a 
centrifugal separation chamber formed between inner peripheral surface of the vessel body 
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and outer peripheral surface of the mentioned internal tube is sealed in an air-tight manner, 
while, by loosing the cap, the centrifugal separation chamber is communicated to outside air. 
Please add new Claims 10-14 as follows: 

10. (New) The centrifugal precipitation tube according to claim 2, wherein a seal 
member, coming in close contact with the inner peripheral surface of the internal tube in a 
liquid-tight manner when said piston plug is inserted and fitted into said internal tube, is 
mounted on and secured to the extemal peripheral surface of said piston plug. 

1 1 . (New) The centrifugal precipitation tube according to claim 2, wherein upper end 
face of said internal tube is opened in the internal part of said vessel body so that upper 
portion of said centrifugal separation chamber and the extraction chamber inside of the 
internal tube are communicated to each other; and 

a slot is formed in the internal part of said piston plug in such a manner as to be 
opened at a lower end face and at an extemal peripheral surface of said piston plug. 

12. (New) The centrifugal precipitation tube according to claim 2, wherein said 
internal tube is provided with a communication aperture so that upper portion of said 
centrifugal separation chamber and the extraction chamber inside of the internal tube are 
communicated to each other through said communication aperture; and 

a slot opened at the lower end face and extemal peripheral surface of the piston plug is 
formed in the internal part of the piston plug, and a groove or a concave-surface part 
communicating to said slot is formed on the extemal peripheral surface of said piston plug. 

13. (New) The centrifugal precipitation tube according to claim 2, wherein the 
internal tube is formed so that inner diameter of upper side portion thereof is larger than that 
of the lower end portion. 
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14. (New) The centrifugal precipitation tube according to claim 8, wherein a flange 
that comes in close contact with the upper edge portion of said vessel body either by 
interposition of a liquid-tight seal member or by direct engagement is formed on an upper end 
portion of said internal tube; 

a thread part is formed on an outer peripheral surface of the upper end portion of the 
mentioned vessel body; and seal means is formed by a cap having a thread part to be mounted 
on the upper end portion of the mentioned vessel body and screw threaded into the mentioned 
thread part, and which is provided with a through hole at the central portion of an upper 
surface; and 

wherein, by screw threading the cap into the upper end portion of the vessel body, a 
centrifugal separation chamber formed between inner peripheral surface of the vessel body 
and outer peripheral surface of the mentioned internal tube is sealed in an air-tight manner, 
while, by loosing the cap, the centrifugal separation chamber is communicated to outside air. 

REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present preliminary amendment is submitted to cancel the multiple dependencies 
in the current claims. New Claims 10-14 are also presented for examination which recite the 
subject matter that cancelled multiple dependencies. 
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The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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Marked -Up Copy 

Serial No : ^/^/^ 

Amendment , Filed on : 



menament^ 



TN THE CLAIMS 

—3. (Amended) The centrifugal precipitation tube according to claim 1 [or 2], 
wherein a seal member, coming in close contact with the inner peripheral surface of the 
internal tube in a liquid-tight manner when said piston plug is inserted and fitted into said 
internal tube, is mounted on and secured to the external peripheral surface of said piston plug. 

4. (Amended) The centrifugal precipitation tube according to claim 1 [or 2], wherein 
upper end face of said internal tube is opened in the internal part of said vessel body so that 
upper portion of said centrifugal separation chamber and the extraction chamber inside of the 
internal tube are communicated to each other; and 

a slot is formed in the internal part of said piston plug in such a manner as to be 
opened at a lower end face and at an external peripheral surface of said piston plug. 

5. (Amended) The centrifugal precipitation tube according to claim 1 [or 2], wherein 
said internal tube is provided with a communication aperture so that upper portion of said 
centrifugal separation chamber and the extraction chamber inside of the internal tube are 
communicated to each other through said communication aperture; and 

a slot opened at the lower end face and external peripheral surface of the piston plug is 
formed in the internal part of the piston plug, and a groove or a concave- surface part 
communicating to said slot is formed on the external peripheral surface of said piston plug. 
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6. (Amended) The centrifugal precipitation tube according to claim 1 [or 2], wherein 
the internal tube is formed so that inner diameter of upper side portion thereof is larger than 
that of the lower end portion. 

9. (Amended) The centrifugal precipitation tube according to claim 7 [or 8], wherein 
a flange that comes in close contact with the upper edge portion of said vessel body either by 
interposition of a liquid-tight seal member or by direct engagement is formed on an upper end 
portion of said internal tube; 

a thread part is formed on an outer peripheral surface of the upper end portion of the 
mentioned vessel body; and seal means is formed by a cap having a thread part to be mounted 
on the upper end portion of the mentioned vessel body and screw threaded into the mentioned 
thread part, and which is provided with a through hole at the central portion of an upper 
surface; and 

wherein, by screw threading the cap into the upper end portion of the vessel body, a 
centrifugal separation chamber formed between inner peripheral surface of the vessel body 
and outer peripheral surface of the mentioned internal tube is sealed in an air-tight manner, 
while, by loosing the cap, the centrifugal separation chamber is communicated to outside air. 

Claims 10-14 (New).- 



-7- 



09/831896 

JCISRec'dPCT/PTO 2 4 MAY 2001 

Specification 

Precipitation Tube for Centrifugal Separation 

Technical Field 
The present invention relates to a precipitation tube 
for centrifugal separation (hereinafter referred to as 
"centrifugal precipitation tube") used in the case when a 
liquid mixture to be separable into two or more liquid phases 
is separated due to difference in specific gravity utilizing 
centrifugal force. 



Background Art 
In the case of measuring, for example, a concentration 
of a medicament contained in a sejrum, the medicament in the 
serum is extracted by means of chloroform. In this case, 
it has been conventional that a buffer solution is applied 
to the serum, and a liquid mixture with chloroform added 
further thereto is thoroughly shaken. Subsequently, the 
liquid mixture is separated without delay into a water phase 
(upper layer liquid) and a chloroform phase (lower layer 
liquid) using a centrifugal separator, and only a 
predetermined volume of the chloroform phase is sampled. 
Thus, in the case that a liquid mixture separable into two 
liquid phases using a centrifugal separator, such as a liquid 
mixture of water and organic solvent, is separated into an 
upper layer liquid and a lower layer liquid due to difference 
in specific gravity, a centrifugal precipitation tube has 
been heretofore used. Such a conventional centrifugal 
precipitation tube consists of a tubular vessel body with 



its upper surface opened and a cap for closing the opening 
on the upper surface of the vessel body in a liquid-tight 
manner. In order to separate a liquid mixture into an upper 
layer liquid and a lower layer liquid using this centrifugal 
precipitation tube, the liquid mixture is injected into the 
vessel body, the cap is tightly fitted onto the upper surface 
opening of the vessel body. Then, the centrifugal 
precipitation tube is subjected to a centrifugal separator, 
whereby the liquid mixture within the centrifugal 
precipitation tube is separated into the upper layer liquid 
and the lower layer liquid due to difference in specific 
gravity. In order to take out only the lower layer liquid 
separately from the upper layer liquid and the lower layer 
liquid separated in the centrifugal precipitation tube by 
centrifugal force, it has been generally conducted that, 
using a syringe, the upper layer liquid is entirely sucked 
through a suction nozzle and taken out of the internal part 
of the vessel body. Alternatively, in the case of taking 
out the upper layer liquid manually, it has been generally 
conducted that, using a hole pipette, a pipette or the like, 
the upper layer liquid is entirely removed from the internal 
part of the vessel body while visually acknowledging a 
boundary (interface) between the upper layer liquid and the 
lower layer liquid, thereby only the lower layer liquid being 
left in the vessel body. 

In the mentioned known method, however, that the upper 
layer liquid is entirely sucked through the suction nozzle 
by means of the syringe and removed out of the internal part 
of the vessel body, a problem exists in that a liquid flow 
is generated at the time of sucking the upper layer liquid 



by the suction nozzle, whereby a part of the upper layer 
liquid is mixed into the lower layer liquid and it becomes 
difficult to remove only the upper layer liquid. On the other 
hand, in the method of manual operation using a hole pipette 
or the like, a problem exists in that it requires experience 
and skill for removing only the upper layer liquid from the 
internal part of the vessel body, because a part of the upper 
layer liquid is likely to mix with the lower layer liquid 
depending on kind of liquid when the upper layer liquid has 
been taken out to the proximity of the boundary between the 
upper layer liquid and the lower layer liquid. 

To overcome the foregoing disadvantages, a centrifugal 
precipitation tube has been proposed as disclosed in Figs. 
12 and 14 each showing a longitudinal sectional view of the 
Japanese Patent Publication (unexamined) No. 285740/1997. 
This is a centrifugal precipitation tube in which a cap 162 
or 178 for closing in a liquid-tight manner an opening on 
the upper surface of a tubular vessel body provided with 
a bottom is comprised of a seal plug part 164 or 180, an 
internal tube 166 or 182, and a closure part 168 or 184. 
The sealplugpart 164 or 180 of the centrifugal precipitation 
tube is inserted into an upper end portion of the vessel 
body 160 to tightly fit an outer peripheral surface thereof. 
A through hole 170 or 186 is formed at the central portion 
of the seal plug part 164 or 180. The internal tube 166 or 
182 includes an outer diameter smaller than an inner diameter 
of the vessel body 160 and is formed into a tubular shape 
of which lower portion is tapered. An upper end portion of 
the internal tube 166 or 182 is fixed to an inner peripheral 
portion of the through hole 170 or 186 and formed integral 



with the seal plug part 164 or 180. Further, the internal 
tube 166 or 182 is formed to have a length such that lower 
end thereof comes located in the proximity of inner bottom 
face of the vessel body 160 when fitting the seal plug part 
164 or 180 tightly against the upper end portion of the vessel 
body 160. A closure part 168 of the centrifugal 
precipitation tube shown in Fig. 12 is comprised of a plug 
that is upwardly inserted into a lower end opening of the 
internal tube 166 and closes the lower end opening of the 
internal tube 166 in a liquid-tight manner. This closure 
part 168 is formed so as to easily come off or gets out 
downwardly by means of a downward pressure force, i.e., a 
downwardly force applied by the lower end of a dispensing 
nozzle or pipette. Furthermore, a closure part 184 of the 
centrifugal precipitation tube shown in Fig. 14 is comprised 
of a thin plate-like part integrally molded at lower end 
of the internal tube 182. This closure part 184 is easily 
broken by being downwardly pressed with the lower end of 
a dispensing nozzle or pipette. 

In the centrifugal precipitation tube shown in Figs. 
12 and 14, a liquid to be separated by means of a centrifugal 
force is injected into the vessel body 160 of the centrifugal 
precipitation tube. Then, the internal tube 166 or 182 of 
the cap 162 or 178 is deeply put in the vessel body 160, 
i.e., inserted into the liquid so that the seal plug part 
164 or 180 of the cap 162 or 178 tightly fits the upper end 
portion of the vessel body 160. The centrifugal 

precipitation tube in this state is subjectedto a centrifugal 
separator. In this manner, the liquid in the centrifugal 
precipitation tube is separated into an upper layer liquid 



and a lower layer liquid. At this time, since the internal 
tube 166 or 182 of the cap 162 or 178 is inserted into the 
liquid in the vessel body 160 and the lower end of the internal 
tube 166 or 182 is positioned in the proximity of inner bottom 
face of the vessel body 160, the lower end of the internal 
tube 166 or 182 is closed in a liquid-tight manner and 
positioned below the boundary between the upper layer liquid 
and the lower layer liquid. Thus, a portion proximate to 
the lower end of the internal tube 166 or 182 is in the state 
of being inserted into the lower layer liquid. In order to 
extract only the lower layer liquid from the centrifugal 
precipitation tube in such a state, the lower end portion 
of the dispensing nozzle (or disposable chip forming the 
lower end portion of the dispensing nozzle) or a pipette 
is cleeply inserted into the internal part of the internal 
tube 166 or 182 passing a through hole of the seal plug part 
164 or 180 of the cap 162 or 178, and the closure part 168 
or 184 at the lower end of the internal tube 166 or 182 is 
downwardly pressed by means of the lower end of the dispensing 
nozzle or pipette. As a result, the closure part 168 or 184 
for closing the lower end of the internal tube 166 or 182 
gets off or broken and the lower end of the dispensing nozzle 
or pipette is inserted into the lower layer liquid. 
Thereafter, a liquid is sucked into the dispensing nozzle 
by driving the syringe. Alternatively, when manually 
operating the pipette and sucking the liquid into the pipette , 
only the lower layer liquid is sucked into the dispensing 
nozzle or pipette since the lower end of the dispensing nozzle 
or pipette is inserted into the lower layer liquid. 

In the centrifugal precipitation tube shown in Figs. 



12 and 14, however, after the separation of liquid into the 
upper layer liquid and the lower layer liquid, the closure 
part 168 or 184 at the lower end of the internal tube 166 
or 182 is downwardly pressed by means of the lower end of 
a dispensing nozzle or pipette, and the closure part 168 
or 184 for closing the lower end of the internal tube 166 
or 182 comes off or broken. At this time, it is to be noted 
that the lower layer liquid is flushed into the internal 
tube 166 or 182, whereby a boundary between an upper layer 
liquid and a lower layer liquid is disturbed. Thus, a part 
of the upper layer liquid is mixed into the lower layer liquid 
side, and the upper layer liquid together with the lower 
layer liquid is flushed into the internal tube 166 or 182. 

a result, there is a likelihood that the lower layer liquid 
being mixed with a part of the upper layer liquid is sucked 
into a dispensing nozzle or pipette, and a contamination 
is produced in the lower layer liquid. 

Further, in the centrifugal precipitation tube shown 
in Fig. 12, as described with reference to Fig. 13, after 
the separation of a liquid into the upper layer liquid 172 
and the lower layer liquid 174, the closure part 168 at the 
lower end of the internal tube 166 is pressed downward by 
the lower end of the dispensing nozzle 176, and the closure 
part 168 closing the lower end of the internal tube 166 is 
caused to come off. At this time, the closure part 168 sinks 
vertically right under the lower end of the internal tube 
166 and left on the inner bottom face of the vessel body 
160 in the same posture since the lower surface of the closure 
plug 168 is flat. Therefore, when inserting the dispensing 
nozzle 176 deeply to the extent that the lower end thereof 
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comes in the proximity of the inner bottom face of the vessei 
body 160, the lower end face of the dispensing nozzle 176 
comes in close contact with the upper surface of the closure 
plug 168, and the lower end opening of the dispensing nozzle 
176 is entirely closed by the closure plug 168. As a result, 
a liquid will not be sucked into the dispensing nozzle 176. 
Particularly in the case of automating the operation of 
sucking the liquid into the dispensing nozzle 176 by driving 
up-and-down the dispensing nozzle 176, this becomes a serious 
problem . 

Furthermore, before the centrifugal precipitation tube 
is subjected to the centrifugal separator, when the internal 
tube 166 is deeply put in the vessel body 160 and inserted 
into the liquid after injection of the liquid into the vessel 
body 160, the liquid flows in such a manner as being pressed 
away by means of the lower surface of the closure part 168 
plugged in the lower end opening of the internal tube 166. 
In this case, supposing that the lower surface of the closure 
part 168 is flat as shown in Fig. 12, when the lower end 
portion of the internal tube 166 is passed through the boundary 
between, for example, a water phase and a chloroform phase 
(this mixed solution is separated into two phases to a certain 
degree due to difference in specific gravity even before 
the centrifugal separation) , the lower surface of the closure 
part 168 comes in contact with impurities located at the 
boundary, and therefore the liquid is subjected to the 
centrifugal separation with impurities being stuck to the 
lower surface of the closure part 168 . Then, the lower layer 
liquid 174 having been separated by means of centrifugal 
separation comes in contact with the lower surface of the 
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closure part 168. As a result, the impurities stuck to the 
lower surface of the closure part 168 come to be dispersed 
into the lower layer liquid to be extracted and analyzed. 
Thus, negative affects are given upon device analysis. 

Disclosure of Invention 
The present invention was made in view of the 
above-discussed problems. A first object of the invention 
is to provide a centrifugal precipitation tube capable of 
extracting exactly only a lower layer liquid without any 
contamination from two -phase liquid (or more numbers of phase 
liquid) separated into an upper layer liquid and a lower 
layer liquid by means of centrifugal force. A second object 
of the invention is to provide a centrifugal precipitation 
tube capable of exactly sucking a lower layer liquid into 
a dispensing nozzle or pipette constantly at all times, and 
preventing a lower surface of a closure part of an internal 
tube from sticking of impurities in the process of inserting 
the internal tube into liquid by deeply placing it in a vessel 
body after injection of liquid into the vessel body. 

To accomplish the foregoing first object, a centrifugal 
precipitation tube according to a first invention comprises : 
a tubular vessel body of which top end is opened while bottom 
end thereof being closed; and seal means for closing 
releasably the open top end of the vessel body in a 
11 quid-tight manner; 

the centrifugal precipitation tube being 
characterized in that: an internal tube, diameter of which 
is smaller than that of the mentioned vessel body, is inserted 
in an internal part of the vessel body and secured thereto. 



whereby a centrifugal separation chamber is formed between 
inner peripheral surface of the vessel body and outer 
peripheral surface of the internal tube, and an upper portion 
and a lower portion of the centrifugal separation chamber 
are respectively communicated to an extraction chamber 
inside of the mentioned internal tube; a piston plug, lower 
end portion of which is inserted in the proximity of an inner 
bottom face of the mentioned vessel body, is slidably and 
removably inserted into the mentioned internal tube in axial 
direction thereof; communications between the upper and 
lower portions of the mentioned centrifugal separation 
chamber and the mentioned extraction chamber are 
respectively interrupted when inserting the mentioned piston 
plug into the innermost area of the mentioned internal tube; 
and an upper space of the mentioned centrifugal separation 
chamber and a space on the lower end face side of the piston 
plug in the mentioned extraction chamber are communicated 
to each other during the process of pulling out the mentioned 
piston plug from the state of being inserted in the innermost 
area of the mentioned internal tube. 

In the centrifugal precipitation tube of above 
construction according to the first invention, a liquid to 
be separated by means of centrifugal force is injected into 
the vessel body of the centrifugal precipitation tube, then 
the piston plug is inserted into the innermost area of the 
internal tube, top opening of the vessel body is closed in 
a liquid-tight manner by the seal means, and the centrifugal 
precipitation tube in this state is subjectedto a centrifugal 
separator. At this time, the lower end portion of the piston 
plug is inserted in the proximity of inner bottom face of 
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the vessel body, whereby the liquid remaining in the 
extraction chamber inside of the internal tube is entirely 
extruded therefrom to the lower part of the centrifugal 
separation chamber between the inner peripheral surface of 
the vessel body and the outer peripheral surface of the 
internal tube . Further, since the communication between the 
upper and lower portions of the centrifugal separation 
chamber and the extraction chamber is interrupted during 
the centrifugal separation, any liquid does not flow from 
the centrifugal separation chamber into the extraction 
chamber. Then, the liquid in the centrifugal precipitation 
tube is separated into an upper layer liquid and a lower 
layer liquid in the centrifugal separation chamber due to 
difference in specific gravity. At that time, by 
appropriately setting position of the lower end of the 
internal tube , the lower end of the internal tube is positioned 
below the boundary between the upper layer liquid and the 
lower layer liquid, and the lower end of the internal tube 
is in the state of being immersed in the lower layer liquid. 

In order to extract only the lower layer liquid from 
a centrifugal precipitation tube after the liquid is 
separated into upper layer liquid and lower layer liquid 
in the precipitation tube by means of the centrifugal 
separator, top opening of the vessel body that has been closed 
by the seal means is opened and the piston plug is slowly 
pulled out from the internal tube. As a result, the lower 
layer liquid in the centrifugal separation chamber is slowly 
sucked into the extraction chamber inside of the internal 
tube. In this regard, supposing that the liquid from the 
centrifugal separation chamber to the extraction chamber 
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be continuously sucked, not only the lower layer liquid but 
also the upper layer liquid will flow into the extraction 
chamber, and a part of the upper layer liquid will be mixed 
into the lower layer liquid in the extraction chamber, whereby 
contamination will take place in the lower layer liquid. 
In this centrifugal precipitation tube, however, the upper 
space of the centrifugal separation chamber and the space 
on the side of the lower end face of the piston plug are 
communicated during the process of pulling out the piston 
plug. Accordingly, an equal air pressure is applied onto 
the liquid surface of lower layer liquid in the extraction 
chamber and the liquid surface of upper layer liquid in the 
centrifugal separation chamber, respectively. Therefore, 
even if the piston plug would be further pulled out, it is 
prevented that the lower layer liquid in the extraction 
chamber is sucked upward by means of the piston plug. 

As described above, in the precipitation tube of above 
construction, since the lower layer liquidinthe centrifugal 
separation chamber is slowly sucked into the extraction 
chamber inside of the internal tube by means of the piston 
plug, it does not occur that the boundary between the upper 
layer liquid and the lower layer liquid in the centrifugal 
separation chamber is disturbed, thereby a part of the upper 
layer liquid being mixed into the side of the lower layer 
liquid, and the upper layer liquid together with lower layer 
liquid flow into the extraction chamber inside of the internal 
tube. Further, by appropriately setting a pull-up position 
of the piston plug at the time of communicating the upper 
space of the centrifugal separation chamber to space on the 
side of lower end face of the piston, it does not occur. 
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either, that the lower layer liquid as well as the upper 
layer liquid flow into the extraction chamber, and a part 
of the upper layer liquid is mixed into the lower layer liquid. 
Consequently, only the lower layer liquid will remain or 
be accumulated in the extraction chamber when the piston 
plug is completely pulled out from the internal tube. The 
lower layer liquid remaining in the extraction chamber is 
sucked into a dispensing nozzle by driving a syringe or the 
like after deeply placing, e.g., lower end portion of the 
dispensing nozzle (pipette or the like in the case of manual 
operation. Utilization of the dispensing nozzle is 
hereinafter described) in the internal tube, thereby 
inserting the lower end of the dispensing nozzle into the 
lower layer liquid. At this time, by appropriately setting 
the position of the lower end of the internal tube, the lower 
end of the internal tube becomes in the state of being 
positioned below the boundary between the upper layer liquid 
and the lower layer liquid, even after a predetermined volume 
of lower layer liquid has been sucked into the dispensing 
injection nozzle. 

In this manner, as a result of using a centrifugal 
precipitation tube according to the first invention, only 
the lower layer liquid can be reliably extracted, without 
any occurrence of contamination involving the upper layer 
liquid, from two or more liquid phases separated into the 
upper layer liquid and lower layer liquid by means of the 
centrifugal force. 

In the centrifugal precipitation tube according to the 
first invention, it is preferable that the seal means and 
the piston plug are communicated to each other. 
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In the centrifugal precipitation tube of such 
construction, since the seal means and the piston plug are 
integrated with each other, the piston plug is deeply inserted 
into the innermost area of the internal tube when the top 
opening of the vessel body is closed in a liquid-tight manner 
by the seal means. And the piston plug is pulled out from 
the state of being inserted into the innermost area of the 
internal tube when pulling up the seal means after the top 
opening of the vessel body having been closed by the seal 
means is opened- As a result, operation of the centrifugal 
precipitation tube can be simply conducted. 

Further, in the centrifugal precipitation tube 
according to the first invention, it is preferable that a 
seal member, coming in close contact with the inner peripheral 
surface of the internal tube in a liquid-tight manner when 
the piston plug is inserted and fitted into the internal 
tube, is mounted on and secured to the external peripheral 
surface of the mentioned piston plug. 

In the centrifugal precipitation tube of such 
construction, when inserting the piston plug into the 
innermost area of the internal tube, the seal member inserted 
and secured on the external peripheral surface of the piston 
plug comes in close contact with the inner peripheral surface 
of the internal tube in a liquid-tight manner, thereby a 
communication between the upper portion of the centrifugal 
separation chamber and the extraction chamber is interrupted 
without fail. 

Further, in the centrifugal precipitation tube 
according to the first invention, it is preferable that the 
upper end face of the internal tube is opened in the internal 
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part of the vessel body so that upper portion of the 
centrifugal separation chamber and the extraction chamber 
inside of the internal tube are communicated to each other^ 
and a slot is formed in the internal part of the piston plug 
5 in such a manner as to be opened at a lower end face and 
at an external peripheral surface of the piston plug. 

In the centrifugal precipitation tube of such 
construction, the opening in the external peripheral surface 
of the piston plug of the slot formed in the internal part 

10 of the piston plug passes over the upper end of the internal 
tube during the process in which the mentioned piston plug 
is pulled out from the state of being inserted in the innermost 
area of the mentioned internal tube, whereby the upper portion 
of the centrifugal separation chamber and space on the side 

15 of lower end face of the piston plug in the extraction chamber 
are communicated to each other without fail through the slot 
of the piston plug. 

Further, in the centrifugal precipitation tube 
according to the first invention, it is preferable that the 

20 internal tube is provided with a communication aperture so 
that upper portion of the centrifugal separation chamber 
and the extraction chamber inside of the internal tube are 
communicated to each other through the communication 
aperture, a slot opened at the lower end face and external 

2 5 peripheral surface of the piston plug is formed in the internal 
part of the piston plug, and a groove or a concave-surface 
part communicating to the mentioned slot is formed on the 
external peripheral surface of the piston plug. 

In the centrifugal precipitation tube of such 

30 construction, during the process in which the mentioned 
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piston plug is pulled out from the state of being inserted 
in the innermost area of the mentioned internal tube, the 
upper end portion of the groove or the concave-surface part 
provided on the external peripheral surface of the piston 
plug passed over the communication aperture opened in the 
internal tube, whereby upper portion of the centrifugal 
separation chamber and space on the side of lower end face 
of the piston plug are communicated to each other without 
fail through the communication aperture in the internal tube, 
through a clearance between the groove or concave-surface 
part on the external peripheral surface of the piston plug 
and inner peripheral surface of the internal tube and through 
the slot in the piston plug. 

Further, in the centrifugal precipitation tube 
according to the first invention, it is preferable that the 
internal tube is formed so that inner diameter of upper side 
portion thereof is larger than that of the lower end portion. 

In the centrifugal precipitation tube of such 
construction, the communication of each of lower and upper 
portions of the centrifugal separation chamber between the 
inner peripheral surface of the vessel body and outer 
peripheral surface of the internal tube to the extraction 
chamber inside of the internal tube is interrupted when 
inserting the piston plug into the innermost area of the 
internal tube. Whereas during the process in which the 
mentioned piston plug is pulled out from the state of being 
inserted in the innermost area of the mentioned internal 
tube, a clearance is formed between the external peripheral 
surface of the lower end portion of the piston plug and inner 
peripheral surface of the internal tube with its inner 
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diameter enlarged, whereby upper space of the centrifugal 
separation chamber and space on the side of the lower end 
face of the piston plug in the extraction chamber becomes 
communicated to each other without fail through the mentioned 
5 clearance . 

To accomplish the foregoing first and second objects, 
a centrifugal precipitation tube according to a second 
invention comprises: a tubular vessel body of which top end 
is opened while bottom end thereof being closed; an internal 

1 0 tube being tubular shaped and having an outer diameter smaller 
than inner diameter of the mentioned vessel body, and which 
is inserted into the internal part of the vessel body and 
held so that lower end of the internal tube is positioned 
in the proximity of the inner bottom face of the vessel body; 

15 a closure plug which is detachably fitted to lower end portion 
of the mentioned internal tube, closes lower end opening 
of the internal tube in a liquid-tight manner, and easily 
comes off from the lower end portion of the internal tube 
by downward pressure force; and seal means for sealing a 

20 centrifugal separation chamber formed between inner 
peripheral surface of the mentioned vessel body and outer 
peripheral surface of the mentioned internal tube; 

the centrifugal precipitation tube being 
characterized in that : the lower surface side of the mentioned 

25 closure plug is formed into such a configuration that the 
closure plug comes off from the lower end portion of the 
mentioned internal tube and falls down in any one of forward, 
reward, leftward and rightward directions from the coming 
off position upon reaching the inner bottom face of the 

30 mentioned vessel body. 
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In the centrifugal precipitation tube of above 
construction according to the second invention, a liquid 
to be separated by means of centrifugal force is inserted 
into the vessel body, then the internal tube is deeply put 
5 in the vessel body and inserted into the liquid, and a 
centrifugal separation chamber formed between the inner 
peripheral surface of the vessel body and outer peripheral 
surface of the internal tube is sealed by the seal means. 
The centrifugal precipitation tube in this state is subjected 

10 to a centrifugal separator. By means of a centrifugal 
separator, the liquid in the centrifugal precipitation tube 
is separated into an upper layer liquid and a lower layer 
liquid due to difference in specific gravity. At that time, 
since the internal tube is inserted into the liquid in the 

15 vessel body and lower end of the internal tube is positioned 
in the proximity of inner bottom face of the vessel body, 
the lower end of the internal tube being closed in a 
liquid-tight manner is positioned below a boundary between 
the upper layer liquid and lower layer liquid. And the 

20 portion proximate to the lower end of the internal tube is 
in the state of being inserted into the lower layer liquid. 
In order to extract only the lower layer liquid from the 
centrifugal precipitation tube in such a state, lower end 
portion of a dispensing nozzle is deeply put in the internal 

25 tube inwardly, and a closure plug at the lower end of the 
internal tube is downwardly pressed by lower end of the 
dispensing nozzle. Therefore, the closure plug having 
closed the lower end of the internal tube comes off and the 
lower end of the dispensing nozzle is inserted into the lower 

30 layer liquid. The closure plug having come off from the lower 
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end of the internal tube sinks right downwardly below the 
lower end opening of the internal tube. Then, the closure 
plug having reached to the inner bottom face of the vessel 
body falls down in any one of forward, rearward, leftward 
5 and rightward directions from the coming off position. 
Consequently, even if lower end of the dispensing nozzle 
is put in the proximity of inner bottom face of the vessel 
body, it does not occur that the lower end of the dispensing 
nozzle comes in close contact with the closure plug and the 

10 lower end opening of the dispensing nozzle is entirely closed 
by means of the closure plug. As a result, the lower layer 
liquid is sucked without fail into the dispensing nozzle. 

In this manner, when using the centrifugal 
precipitation tube according to the second invention, the 

15 lower layer liquid can be constantly sucked into the 
dispensing nozzle or pipette at all times from two or more 
liquid phases separated into the upper layer liquid and the 
lower layer 1 iquid . Accordingly, only the lower layer liquid 
can be exactly extracted without any contamination with the 

20 upper layer liquid. Further, operation fault can be 
prevented particularly in the case of automating the sucking 
operation of liquid into the dispensing nozzle by driving 
up and down the separating injection nozzle. 

In the centrifugal precipitation tube according to the 

25 second invention, it is preferable that lower surface side 
of the mentioned closure plug is formed into a conical or 
pyramidal shape. 

In the centrifugal precipitation tube of such 
construction, the closure plug disengaged from lower end 

30 portion of the internal tube and reached to the inner bottom 
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face of the vessel body is formed so that the lower surface 
side of the closure plug is a conic shape. Accordingly, the 
closure plug falls down without fail in any one of forward, 
rearward, leftward and rightward directions. Consequently^ 
5 even if lower end of the dispensing nozzle is put in the 
proximity of inner bottom face of the vessel body, it does 
not occur that the lower end of the dispensing nozzle comes 
in close contact with the closure plug and the lower end 
opening of the dispensing nozzle is entirely closed by means 

10 of the closure plug. 

Further, when injecting a liquid into the vessel body 
and placing the internal tube deeply in the vessel body to 
insert it into the liquid, the liquid flows so as to be pushed 
away by means of the lower surface side of the closure plug 

15 inserted in the lower end opening of the internal tube. 
However, since the lower surface side of the closure plug 
is formed into a conic shape, even if the lower surface side 
of the closure plug comes in contact with the impurities 
when lower end portion of the internal tube passes over the 

20 boundary between, for example, a water phase and a chloroform 
phase, impurities flow upwardly along the conic-shaped lower 
surface side of the closure plug together with the liquid 
and do not stick to the lower surface side of the closure 
plug. As a result, it is prevented that impurities stuck 

25 to the lower surface side of the closure plug is dispersed 
into the lower layer liquid separated due to centrifugal 
force, and reliability in results of analysis of equipment 
can be improved. 

Further , in the centrifugal precipitation tube of above 

30 construction, it is preferable that a flange that comes in 
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close contact with the upper edge portion of said vessel 
body either by interposition of a liquid-tight seal member 
or by direct engagement is formed on an upper end portion 
of said internal tube; a thread part is formed on an outer 
5 peripheral surface of the upper end portion of the mentioned 
vessel body; and seal means is formed by a cap having a thread 
part to be mounted on the upper end portion of the mentioned 
vessel body and screw threaded into the mentioned thread 
part^ and which is provided with a through hole at the central 

10 portion of an upper surface; in which, by screw threading 
the cap into the upper end portion of the vessel body, a 
centrifugal separation chamber formed between inner 
peripheral surface of the vessel body and outer peripheral 
surface of the mentioned internal tube is sealed in an 

15 air-tight manner, while, by loosing the cap, the centrifugal 
separation chamber is communicated to outside air. 

In the centrifugal precipitation tube of such 
construction, to conduct a centrifugal separation of a liquid 
by means of a centrifugal separator, the liquid is injected 

20 into the vessel body in the state of pulled out the internal 
tube from the vessel body, then the internal tube is inserted 
into the internal part of the vessel body, and subsequently 
the cap is mounted on the upper end portion of the vessel 
body and screw-threaded thereinto. Thus, the flange part 

25 of the upper end portion of the internal tube is pressed 
onto the upper edge of the vessel body either through the 
liquid-tight seal member or directly by means of the 
peripheral edge portion of the through hole on the upper 
surface of the cap. Accordingly, the flange part of the 

30 internal tube and the upper edge of the vessel body comes 
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in close contact with each other. Thus, the centrifugal 
separation chamber between the inner peripheral surface of 
the vessel body and the outer peripheral surface of the 
internal tube comes to be sealed in an air-tight manner and 
5 in a liquid-tight manner. Further, when the lower layer 
liquid is extracted from the internal part of the centrifugal 
precipitation tube after conducting the centrifugal 
separation, the cap mounted on the upper end portion of the 
vessel body is loosened. Consequently, the sealed state 

10 .between the flange of the internal tube and the top edge 
of the vessel body is released, and the centrifugal separation 
chamber communicates to the outside air through a clearance 
between the inner peripheral surface of the upper portion 
of the vessel body and the outer peripheral surface of the 

15 upper portion of the internal tube as well as through a 
clearance between the flange part of the internal tube and 
the top edge of the vessel body. As a result, there is no 
more such trouble that, when the closure plug at the lower 
end portion of the internal tube is subsequently pressed 

20 downward by the lower end of the dispensing nozzle for coming 
off, the lower layer liquid is flushed into the internal 
tube due to a gas pressure from gaseous phase portion, thereby 
disturbing boundary between the upper layer liquid and the 
lower layer liquid, a part of the upper layer liquid being 

25 mixed into the lower layer liquid side, and the upper layer 
liquid together with the lower layer liquid flow into the 
internal tube. Thus, only the lower layer liquid can be 
exactly extracted without contamination with the upper layer 
1 iquid . 
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Brief Description of Drawings 
Fig. 1 shows a preferred embodiment of the first 
invention and is a front view in which a centrifugal 
precipitation tube is separated into a vessel body and a 
5 cap section and the vessel body is in the sate of being partly 
broken . 

Fig. 2 is a longitudinal sectional view of the 
centrifugal precipitation tube in Fig. 1 showing the state 
that the cap section is mounted on the vessel body. 
10 Fig. 3 is a sectional view taken in the direction of 

the arrows along the line III-III in Fig. 2. 

Fig. 4 is a partially longitudinal sectional view for 
explaining the operation in each process in which centrifugal 
separation of a liquid is conducted, and only a lower layer 
15 liquid is extracted using the centrifugal precipitation tube 
shown in Fig . 1 . 

Fig. 5 is a longitudinal sectional view for explaining 
a final process of the operation in which centrifugal 
separation of the liquid is conducted using the centrifugal 
20 precipitation tube shown in Fig.l and thereafter only the 
lower layer liquid is extracted. 

Fig. 6 shows another embodiment of the first invention 
and is a longitudinal sectional view of a centrifugal 
precipitation tube showing the state that a cap section is 
25 mounted on a vessel body. 

Fig. 7 shows a further embodiment of the first invention 
and is a longitudinal sectional view of a centrifugal 
precipitation tube showing the state that a cap section is 
mounted on a vessel body. 
30 Fig. 8 shows a modification of an embodiment of the 
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first invention and is a partially longitudinal sectional 
view of a centrifugal precipitation tube showing the state 
that a piston plug of a cap section is fitted and inserted 
into an internal tube of a vessel body. 
5 Fig. 9 shows an embodiinent of a second invention and 

is a longitudinal sectional view of a centrifugal 
precipitation tube . 

Fig. 10 is a perspective view showing the state that 
the centrifugal precipitation tube shown in Fig. 9 is exploded 

10 into each component. 

Fig. 11 is a partial longitudinal sectional view for 
explaining an operation wherein a liquid mixture is separated 
into an upper layer liquid and a lower layer liquid and only 
the lower layer liquid is extracted using the centrifugal 

15 precipitation tube shown in Figs. 9 and 10. 

Fig. 12 is a longitudinal sectional view showing an 
example of construction of a conventional centrifugal 
precipitation tube in the state that a cap section is mounted 
on a vessel body. 

20 Fig. 13 is a longitudinal sectional view for explaining 

a problem in extracting a lower layer liquid using the 
conventional centrifugal precipitation tube shown in Fig. 
12 . 

Fig. 14 is a longitudinal sectional view showing an 
25 example of another construction of a conventional 
centrifugal precipitation tube in the state that a cap section 
is mounted on a vessel body. 

Best Mode for carrying Out the Invention 
30 Figs. 1 through 3 respectively show an embodiment of 



Ol ^ B 3 3.. e ^-a &^ €3 U U ± 13 



24 



the first invention. Fig. 1 is a front view showing a 
centrifugal precipitation tube in the state of being 
separated into a vessel body and a cap section with the vessel 
body partly broken. Fig. 2 is a longitudinal sectional view 
5 showing the state that the cap section is mounted on the 
vessel body, and Fig. 3 is a sectional view taken in the 
direction of the arrows along the line DI-III in Fig. 2. 

This centrifugal precipitation tube consists of a 
tubular vessel body 10 with its upper surface opened and 

10 a cap section 12 for closing the opening on the upper surface 
of the vessel body 10 in a liquid-tight manner. A thread 
part 14 is formed on an outer peripheral surface of the upper 
end portion of the vessel body 10. An internal tube 16, 
diameter of which is smaller than that of the vessel body 

15 10, is inserted into the internal part of the vessel body 
10 so as to be coaxial, and the internal tube 16 is fixed 
onto the inner wall surface of the vessel body 10 through 
upper and lower bridges 18. The internal tube 16 is of a 
cylindrical configuration with its upper and lower ends 

20 opened. The upper end face of the internal tube 16 is opened 
in the internal part of the vessel body 10 so as to be opposite 
to the top opening surface of the vessel body 10, and the 
lower end face of the internal tube 16 is opened in the inner 
bottom portion of the vessel body 10 so as to be opposite 

25 to the inner bottom face of the vessel body. Further, a 
centrifugal separation chamber 2 0 is formed between the inner 
peripheral surface of the vessel body 10 and the outer 
peripheral surface of the internal tube 16, and the inside 
of the internal tube 16 serves as an extraction chamber 22. 

3 0 An upper portion and a lower portion of the centrifugal chamber 
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20 are spatially communicated to an upper opening surface 
and a lower opening surface of the internal tube 16 
respectively. The vessel body 10 and the internal tube 16 
are made of a material such as glass, and in particular the 
5 vessel body 10 is composed of a thick glass so as to be able 
to resistant to centrifugal load. 

The cap section 12 consists of a seal cap 24 and a 
rod-shaped piston plug 26, and a clamp 28 integrally connects 
them. Formed on the inside surface of the seal cap 24 is 

10 a thread part 30 for screw threading into the thread part 
14 at the upper end portion of the vessel body 10. By putting 
on and threading the seal cap 24 into the upper end portion 
of the vessel body 10, it is possible to close the top opening 
of the vessel body 10 in a liquid-tight manner. The piston 

15 plug 26 is formed so that outer diameter thereof is slightly 
smaller than inner diameter of the internal tube 16, whereby 
the piston plug 26 may be fitted and inserted in the internal 
tube 16 of the vessel body 10 as well as pulled out from 
the internal tube 16. As shown in Fig. 2, the piston plug 

20 26 is formed to have a length allowing the lower end portion 
thereof to be inserted in the proximity of the inner bottom 
face of the vessel body 10 and to be slightly protruded from 
the lower end of the internal tube 16 when screw threading 
the seal cap 24 into the upper end portion of the vessel 

25 body 10 and inserting the piston plug 26 into the innermost 
area of the internal tube 16. The piston plug 26 is made 
of a material such as a fluorine resin. 

Seal members, for example O rings 32, 34 are 
respectively inserted in and fitted on the proximity of the 

30 lower end and on the upper portion of the external peripheral 
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surface of the piston plug 26. When inserting and fitting 
the piston plug 26 in the internal tube 16, each of the O 
rings 32, 34 comes in close contact with the inner peripheral 
surface of the internal tube 16 in a liquid-tight manner. 
5 Furthermore, the piston plug 26 comes in slidable contact 
with the inner peripheral surface of the internal tube 16 
so as to be slidable in axial direction. As shown in Fig. 2, 
the O rings 32, 34 are inserted and fitted in the axial 
direction is at positions where the O rings 32, 34 are 

10 respectively stopped in the proximity of the upper and lower 
end when screw threading the seal cap 24 into the upper end 
portion of the vessel body 10 and inserting the piston plug 
26 into the innermost area of the internal tube 16. Therefore, 
in the state that the piston plug 26 is inserted into the 

15 innermost area of the internal tube 16, spatial communication 
between the lower and upper portions of the centrifugal 
separation chamber 20 and the extraction chamber 22 inside 
of the internal tube 16 are completely interrupted by means 
of the O rings 32, 34, respectively. In addition, instead 

20 of inserting and fitting the O rings 32, 34 on the external 
peripheral surface of the piston plug 26, it is also preferable 
that the O rings 32, 34 are respectively inserted in and 
fixed to the proximity of upper and lower ends of the inner 
peripheral surface of the internal tube 16. 

25 Further, a slot 36 is formed in the internal part of 

the piston plug 26. This slot 36 is opened at lower end face 
and at plural points on the external peripheral surface of 
the piston plug 26. The slot 36 is opened at a position on 
the external peripheral surface of the piston plug 26, and 

30 the opening position is proximate to and slightly below the 
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position where the O ring 34 is inserted and fitted on the 
external peripheral surface of the piston plug 26. 

Referring now to Figs. 4 (a) , (b) , (c) ^ (d) and 5, 
operation of conducting centrifugal separation of a liguid 
5 and extracting only a lower layer liquid using the centrifugal 
precipitation tube constructed as described above will be 
hereinafter described. 

First, in the state that the cap section 12 is removed 
from the vessel body 10, a liquid to be separated by means 

10 of centrifugal force is injected into the vessel body 10. 
Taking as an example the case that a medicament contained 
in a serum is extracted using chloroform, for example, a 
serum of 0.5cc, a buffer solution of O.Scc and chloroform 
of 3. 5cc are injected into the vessel body 10 inorder. Next, 

15 as shown in Fig. 2, the piston plug 26 is fitted and inserted 
into the internal tube 16 and the seal cap 24 is mounted 
on the upper end portion of the vessel body 10. Then, the 
seal cap 24 is screw threaded into the upper end portion 
of the vessel body 10 and the piston plug 26 is inserted 

20 into the innermost area of the internal tube 16, resulting 
in a state that the lower end portion of the piston plug 
26 is inserted in the proximity of inner bottom face of the 
vessel body 10 and slightly protruded from the lower end 
of the internal tube 16. Therefore, internal part of the 

25 vessel body 10 is closed in a liquid-tight manner and a liquid 
(chloroform) contained in the extraction chamber 22 inside 
of the internal tube 16 is entirely pressed out from the 
lower portion of the extraction chamber 22 to the lower portion 
of the centrifugal separation chamber 20 between the inner 

30 peripheral surface of the vessel body 10 and the outer 
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peripheral surface of the internal tube 16 by means of the 
piston plug 26. The centrifugal precipitation tube in this 
state is subjected to a shaking device and then to a 
centrifugal separator. At this time, spatial communication 
5 between the lower and upper portions of the centrifugal 
separation chamber 20 and the extraction chamber 22 inside 
of the internal tube 16 is completely interrupted by each 
of the O rings 32, 34, and the liquid may not flow from the 
centrifugal separation chamber 20 into the extraction 

10 chamber 22. Therefore, as showing in the partially 
longitudinal sectional view of Fig. 4 (a), the liquid 
contained in the centrifugal precipitation tube is separated 
into an upper layer liquid (water layer) 38 and a lower layer 
liquid (chloroform) 40 in the centrifugal separation chamber 

15 20 due to difference in specific gravity. At this time, note 
that injection amount of the mentioned liquid is adjusted 
so that lower end of the internal tube 16 is positioned below 
a boundary between the upper layer liquid 38 and the lower 
layer liquid 40 and lower end portion of the internal tube 

20 16 is immersed in the lower layer liquid 40. 

After completing the centrifugal separation operation, 
the centrifugal precipitation tube is taken out of the 
centrifugal separator and the seal cap 24 of the cap section 
12 is loosened and removed from the upper end portion of 

25 the vessel body 10. Then, as shown in Fig. 4 (b) , the piston 
plug 26 is slowly pulled out from the internal tube 16. 
Accordingly, the lower layer liquid 40 in the centrifugal 
separation chamber 20 is slowly sucked into the extraction 
chamber 22 inside of the internal tube 16. Thus, since the 

30 lower layer liquid 40 in the centrifugal separation chamber 
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20 is sucked slowly into the extraction chamber 22 by means 
of the piston plug 26, it does not take place, in the process 
of sucking the lower layer liquid 40 into the extraction 
chamber 22, that the boundary between the upper layer liquid 
5 3 8 and the lower layer liquid 4 0 in the centrifugal separation 
chamber 20 is disturbed and a part of the upper layer liquid 
38 is mixed into the lower layer liquid 40 side and flows 
into the extraction chamber 22 together with the lower layer 
liquid 4 0 . 

10 Subsequently when the O ring 34 inserted in and secured 

onto the external peripheral surface of the piston plug 26 
gets out from the upper edge of the internal tube 16 on the 
way of pulled out the piston plug 26 and the opening on the 
external peripheral surface of the piston plug 26 of the 

15 slot 36 provided in the internal part of the piston plug 
26 passes over the upper end of the internal tube 16, the 
upper space of the centrifugal separation chamber 20 and 
the space on the side of lower end face of the piston plug 
26 are communicated to each other through the slot 36 of 

20 the piston plug 26. As a result, the same air pressure is 
applied to the liquid surface of the lower layer liquid 40 
in the extraction chamber 22 and to that of the upper layer 
liquid 38 in the centrifugal separation chamber 20 
respectively. Accordingly, even though the piston plug 26 

25 is pulled out further as shown in Fig. 4 (c) , the lower layer 
liquid 40 in the extraction chamber 22 is prevented from 
being sucked up by the piston plug 26. Therefore, it does 
not take place that not only lower layer liquid 40 but also 
upper layer liquid 38 flows into the extraction chamber 22 

30 and a part of the upper layer liquid 38 is mixed into the 
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lower layer liquid 40 in the extraction chamber 22. 

When the piston plug 26 has been completely pulled out 
from the internal tube 16, as shown in Fig. 4 (d), liquid 
surface of the upper layer liquid 38 in the centrifugal 
5 separation chamber 20 becomes generally coincident with that 
of the lower layer liquid 40 in the extraction chamber 22. 
More exactly, the liquid surface of the lower layer liquid 
(chloroform) 40 in the extraction chamber 22 becomes slightly 
below the liquid surface of the upper layer liquid (water 

10 layer) 38 due to difference in specific gravity. At this 
time, injection amount of the mentioned chloroform has been 
adjusted so that only the lower layer liquid 40 may remain 
in the extraction chamber 22. In order that lower layer 
liquid 40 remaining in the extraction chamber 22 may be 

15 extracted by means of an automatic dispensing apparatus (not 
shown) , a centrifugal precipitation tube is fixed, a 
dispensing nozzle 42 is lowered by means of a nozzle drive 
mechanism (not shown), and the lower end portion of a 
disposable chip (throw-away chip) 44 forming the lower end 

20 portion of the dispensing nozzle 42 is deeply inserted into 
the innermost area of the internal tube 16 through the top 
opening of the vessel body 10. Then, after inserting the 
lower end of the disposable chip 44 into the lower layer 
liquid 40, the lower layer liquid 40 is sucked into the 

25 disposable chip 44 through the lower end opening of the 
disposable chip 44 by driving a syringe (not shown) . 
Alternatively, in the case of manual operation, lower end 
portion of a pipette (not shown) is likewise inserted deeply 
into the internal tube 16 through the top opening of the 

30 vessel body 10, and after inserting the lower end of the 
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pipette into the lower layer liquid 40, the lower layer liquid 
40 is sucked into the pipette. 

Now another preferred embodiment of the first invention 
is hereinafter described with reference to Fig. 6 that is 
5 a longitudinal sectional view of a centrifugal precipitation 
tube showing a state that a cap section is mounted on a vessel 
body . 

In the internal part of a vessel body 46, an internal 
tube 48 is inserted from the proximity of upper end opening 

10 to the proximity of inner bottom face of the vessel body 
46. Then, an outer peripheral surface of upper end portion 
of the internal tube 48 is welded on the inner peripheral 
surface of a mouth portion of the vessel body 46 on which 
a seal cap 52 of a cap section 50 is mounted, and the internal 

15 tube 48 is integrally secured to the vessel body 46. 
Accordingly, upper portion of a centrifugal separation 
chamber 54 formed between the inner peripheral surface of 
the vessel body 4 6 and outer peripheral surface of the internal 
tube 48 is spatially closed. On the other hand, in the 

20 internal tube 48, plural communication apertures 56 are 
opened at positions corresponding to the upper portion of 
the centrifugal separation chamber 54, whereby the upper 
portion of the centrifugal chamber 54 and an extraction 
chamber 58 inside of the internal tube 48 are communicated 

25 to each other through those communication apertures 56. 

A rod-shaped piston plug 62 integrally connected to the 
seal cap 52 of the cap section 50 by means of a clamp 60 
is inserted and fitted over the entire length of the internal 
tube 48. The piston plug 62 is formed so as to have a length 

30 within which lower end portion of the piston plug 62 is 
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inserted in the proximity of inner bottom face of the vessel 
body 46 and slightly protruded from lower end of the internal 
tube 48 when inserting the piston plug 62 into the innermost 
area of the internal tube 48 . Further on external peripheral 
5 surface of the piston plug 62, O rings 64, 66 are respectively 
inserted and secured in the proximity of lower end of the 
piston plug 62 and at a position of closing the communication 
aperture 56 of the internal tube 48 in a liquid-tight manner 
when the piston plug 62 being inserted into the innermost 

10 area of the internal tube 48. Therefore, in the same manner 
as the centrifugal precipitation tube shown in Figs . 1 through 
3, in the state of the piston plug 62 being inserted into 
the innermost area of the internal tube 48, the spatial 
communication between the lower and upper portions of the 

15 centrifugal separation chamber 54 and the extraction chamber 
58 inside of the internal tube 48 is completely interrupted 
respectively. 

Formed in the internal part of the piston plug 62 are 
slots 68 which are opened at the lower end face as well as 

20 at plural points on the external surface of the piston plug 
62 . Then, the external peripheral surface of the piston plug 
62 between both of positions at which upper and lower O rings 
64 , 66 are inserted and secured, is reduced in diameter to 
form a concave surface part 70, and the slot 68 are formed 

25 so as to communicate to the concave surface part 70. It is 
also preferable that a plurality of longitudinal grooves 
communicating to the slot 68 is provided on the external 
peripheral surface of the piston plug 62 instead of forming 
a part of the external peripheral surface of the piston plug 

30 62 to reduce the diameter thereby forming the concave surface 
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part 70. Reference numeral 72 shows a packing. 

Fig. 7 shows a further embodiment of the first invention, 
and is a longitudinal sectional view of a centrifugal 
separation tube showing the state that a cap section is mounted 
5 on a vessel body. 

This centrifugal precipitation tube is constructed so 
that an internal tube 76 may be removably inserted in and 
fixed to the internal part of the vessel body 74. That is, 
the internal tube 76 is formed to have an outer diameter 

10 capable of being in close contact with the mouth portion 
of the vessel body 74 . The internal tube 76 is provided with 
an annular protrusion 78 in the proximity of the upper end 
thereof. The internal tube 76 is inserted into the vessel 
body 74, the annular protrusion 78 is brought into close 

15 contact with the upper end face of the vessel body 74 by 
interposition of a packing 80, and subsequently a cylindrical 
fixing member 82, on the inner surface of which a thread 
part 84 is formed and which fits onto the upper end portion 
of the internal tube 76, is mounted onto the upper end portion 

20 of the vessel body 74 and screwed in a thread part 86 of 
the vessel body 74, thereby the internal tube 74 being secured 
to the vessel body 74, In order to separate the internal 
tube 76 from the vessel body 74, the fixing member 82 is 
removed from the upper end portion of the vessel body 74 

25 and then the internal tube 76 is pulled out from the internal 
part of the vessel body 74. 

In the same manner as the centrifugal precipitation 
tube shown in Fig. 6, opened in the internal tube 76 are 
plural communication apertures 92 for communicating the 

30 upper portion of a centrifugal separation chamber 88 formed 
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between the inner peripheral surface of the vessel body 74 
and outer peripheral surface of the internal tube 76 to an 
extraction chamber 90 inside of the internal tube 76. 
Furthermore , athreadpart 94 is formed on the inner peripheral 
5 surface of the upper end portion of the internal tube 76. 

In the centrifugal precipitation tube shown in Fig. 
7^ a seal cap 98 and a rod-shaped piston plug 100 forming 
a cap section 96 are integrally molded of a fluorine resin 
or the like. On the external peripheral surface of the upper 

10 end portion of the piston plug 100 connecting to the seal 
cap 98, a thread part 102 threading to the thread part 94 
on inner peripheral surface of the upper end portion of the 
internal tube 76 is formed . Thenthepistonplug 100 is fitted 
and inserted into the internal tube 76 and the upper end 

15 portion of the piston plug 100 is screw threaded into the 
upper end portion of the internal tube 76, whereby opening 
surface of the upper end of the internal tube 76 can be closed 
in a liquid-t ight manner by means of the seal cap 98 . Further , 
in the same manner as the centrifugal precipitation tube 

20 shown in Fig. 6, on the external peripheral surface of the 
piston plug 100 , t wo O r ings 1 0 4 , 10 6 are inserted and secured . 
When inserting the piston plug 100 into the innermost area 
of the internal tube 76, spatial communication between the 
lower and upper portions of the centrifugal separation 

2 5 chamber 88 andthe extraction chamber 90 inside of the internal 
tube 76 becomes completely interrupted by means of each of 
O rings 104 , 106. Further in the internal part of the piston 
plug 100, a slot 108 opened at lower end face and at a plurality 
of points on the external peripheral surface of the piston 

30 plug 100 are formed. On the external peripheral surface of 




the piston plug 100 between both of positions at which the 
upper and lower O rings 104, 106 are inserted and secured, 
a concave surface part 110 is formed. 

Extraction operation of the lower layer liquid using 
5 the centrifugal precipitation tube shown respectively in 
Figs. 6 and 7 is conducted in the same manner as the case 
using a centrifugal precipitation tube shown in Figs. 1 
through 3. However, when extracting a lower layer liquid 
from a centrifugal precipitation tube after completion of 

10 the centrifugal separation operation, in the centrifugal 
precipitation tube shown in Figs. 6 and 7, during the step 
of pulling out the piston plug 62 or 100, the O ring 66 or 
106 inserted and secured on the external surface of the piston 
plug 62 or 100 are upwardly displaced from the position of 

15 the communication aperture 56 or "92 in the internal tube 
48 or 76. Further, the upper end portion of the concave 
surface part 70 or 110 formed on the external peripheral 
surface of the piston plug 62 or 100 passes over the 
communication aperture 56 or 92 in the internal tube 48 or 

20 76, whereby upper portion of the centrifugal separation 
chamber 54 or 88 and space on the side of lower end face 
of the piston plug 62 or 100 in the extraction chamber 58, 
90 are communicated to each other through the communication 
aperture 68 or 108 of the internal tube 48 or 76, through 

25 the clearance between the concave surface part 70 or 110 
on the external surface of piston plug 62 or 100 and inner 
peripheral surface of internal tube 48 or 76 and through 
the slot 68 or 108 of the piston plug 62 or 100. Accordingly, 
the same air pressure is applied onto the liquid surface 

30 of lower layer liquid in the extraction chamber 58 or 90 
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and the liquid surface of upper layer liquid in the centrifugal 
separation chamber 54 or 88 respectively. 

In each of the foregoing embodiments, in order that the 
upper portion of the centrifugal separation chamber 20, 54 
5 or 88 and the space on the lower end face side of the piston 
plug 26, 62 or 100 may be communicated to each other during 
the process of pulling out the piston plug 26, 62 or 100 
from the state of being inserted into the innermost area 
of the internal tube 16, 48 or 76, the slot 36, 68 or 108 

10 is formed in the internal part of the piston plug 26, 62 
or 100. However, communication means to perform such a 
function is not limited to the slot 36, 68 or 108 formed 
in the internal part of the piston plug 26, 62 or 100. An 
example of communication means is constructed as described 

15 hereinafter with reference to Fig. 8. Inner diameter of an 
internal tube 114 inserted and fixed in the internal part 
of a vessel body 112 is formed so that upper side portion 
thereof is larger than the lower end portion. Further, when 
inserting a piston plug 120 into the innermost area of the 

20 internal tube 114, an O ring 122 inserted and secured in 
the proximity of the lower end portion of the external 
peripheral surface of the piston plug 120 is brought into 
close contact with the inner peripheral surface of a thickened 
part (smaller inner-diameter portion) of the internal tube 

25 114, and another O ring 124 inserted and secured to the upper 
portion of external peripheral surface of the piston plug 
120 is brought into close contact with the inner peripheral 
surface of a thinned part (larger inner-diameter portion) 
118. By employing such construction, in the a state of 

30 inserting the piston plug 120 into the innermost area of 
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the internal tube 114, spatial communication between the 
lower and upper portions of a centrifugal separation chamber 
126 located between the inner peripheral surface of the vessel 
body 112 and outer peripheral surface of the internal tube 
114 and an extraction chamber 128 inside of the internal 
tube 114 is completely interrupted by each of the O rings 
122, 124. On the other hand, during the process of pulling 
out the piston plug 120 from the state of being inserted 
into the innermost area of the internal tube 114, on and 
after the O ring 122 inserted and secured in the proximity 
of the lower end of external peripheral surface of the piston 
plug 120 gets out from the thickened part 116 of the internal 
tube 114, upper space of the centrifugal separation chamber 
126 and space on the lower end face side of the piston plug 
120 in the extraction chamber 128 are communicated to each 
other through a clearance between the inner peripheral 
surface of the thinned part of the internal tube 114 and 
external peripheral surface of the piston plug 120. 

Figs. 9 and 10 show an embodiment according to the second 
invention. Fig. 9 is a longitudinal sectional view of a 
centrifugal precipitation tube, and Fig. 10 is a perspective 
view showing the centrifugal precipitation tube in the state 
of being exploded into several components. 

This centrifugal precipitation tube consists of a 
tubular-shaped vessel body 130 top of which is opened and 
with a bottom, an internal tube 132 to be inserted in the 
internal part of the vessel body 130, and a cap 134 to be 
mounted on an upper end portion of the vessel body 130 and 
the like. Athreadpart 136 is formed on the outer peripheral 
surface of the upper end portion of the vessel body 130, 
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and a thread part 138 for screw threading with the thread 
part 136 of the vessel body 130 is formed on inner peripheral 
surface of the cap 134 . Further, a through hole 140 is formed 
at the central portion of the upper surface of the cap 134. 
5 The cap 134 and the internal tube 132 are integrally connected 
together by means of a connection ring 142 interposed on 
the inner side of the cap 134. 

The internal tube 132 has an outer diameter smaller than 
inner diameter of the vessel body 130 and is formed into 

10 a tubular shape with its lower part tapered gradually. A 
flange part 144 is formed at the upper end portion of the 
internal tube 132. This flange part 144 comes engaged and 
in close contacts with the upper edge of the vessel body 
130 properly by interposing, for example, an O ring 146 when 

15 inserting the internal tube 132 into the internal part of 
the vessel body 130. As far as the flange part 144 can come 
in close contact with the upper edge of the vessel body 130 
properly, such O ring 146 is not always required to be 
interposed. The internal tube 132 is inserted into the 

20 internal part of the vessel body 130, whereby a centrifugal 
separation chamber 14 8 is formed between the inner peripheral 
surface of the vessel body 130 andthe outerperipheral surface 
of the internal tube 132. Moreover, in the state that the 
internal tube 132 is inserted into the internal part of the 

25 vessel body 130, there is an extremely slight clearance 
capable of performing ventilation between the outer 
peripheral surface of the upper portion of the internal tube 
132 and the inner peripheral surface of the upper portion 
of the vessel body 130. The internal tube 132 has a length 

30 within which lower end thereof is positioned in the proximity 
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of inner bottom face of the vessel body 130 when inserting 
the internal tube 132 into the innermost area of the vessel 
body 130. 

At the lower end portion of the internal tube 132, a 
5 closure plug 150 is upwardly inserted into the lower end 
opening of the internal tube 132, and the lower end opening 
of the internal tube 132 is closed in a liquid-tight manner. 
The closure plug 150 is formed so as to be easily come off 
by a downward pressure force, i.e., a downwardly pressing 
10 force given by the lower end of a dispensing nozzle, pipette 
or the like. This closure plug 150 is configured in such 
a manner as to have a conical or pyramidal lower surface 
side . 

Now operation for extracting only a lower layer liquid 

15 by centrifugal separation of liquid using the centrifugal 
precipitation tube of above construction is hereinafter 
described referring to Fig. 11. 

First in the state that the cap 134 is removed from 
the vessel body 130 and the internal tube 132 is pulled out, 

20 a liquid mixture to be separated by means of centrifugal 
force is injected into the vessel body 130. Taking as an 
example the case that a medicament contained in a serum is 
extracted using chloroform, for example, a serum of 0.5cc, 
abuffersolutionof 0.5ccand chloroform of 3 . 5cc are injected 

25 into the vessel body 130 in order. Next, the internal tube 
132 is deeply put in the internal part of the vessel body 
130 and inserted into liquid, and then the cap 134 is mounted 
on the upper end portion of the vessel body 130 and screw 
threaded as far as it goes. Accordingly, the flange part 

30 144 of the internal tube 132 is pressed onto the top edge 
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of the vessel body 130 with interposition of the O ring 146 
by means of the peripheral edge portion of a through hole 
140 opened on the upper surface of the cap 134. Then^ the 
flange part 144 of the internal tube 132 and the top edge 
5 of the vessel body 130 are brought into close contact with 
each other. Thus, a centrifugal separation chamber 148 
between the inner peripheral surface of the vessel body 130 
and outer peripheral surface of the internal tube 132 is 
sealed in an air-tight manner as well as in a liquid-tight 

10 manner. A centrifugal precipitation tube in this state is 
subjected to a shaking device, a medicament contained in 
a serum is transferred into chloroform, and then the 
centrifugal precipitation tube is set in and subjected to 
a centrifugal separator. Consequently, as shown in Fig. 11 

15 (a), a liquid accommodated in the centrifugal separation 
chamber 148 is separated into an upper layer liquid (water 
layer) 152 and a lower layer liquid (chloroform) 154 due 
to difference in specific gravity. At this time, as shown 
in Fig. 11 (a), the lower end of the internal tube 132 is 

20 positioned in the proximity of inner bottom face of the vessel 
body 130. Therefore, lower end of the internal tube 132 is 
positioned below a boundary 156 between the upper layer liquid 
152 and the lower layer liquid 154. Thus, aportion proximate 
to the lower end of the internal tube 132 is in the state 

25 of being inserted into the lower layer liquid 154. 

After completing the operation of centrifugal 
separation, the centrifugal precipitation tube is taken out 
of the centrifugal separator and only the lower layer liquid 
is extracted from the centrifugal precipitation tube by means 

30 of an automatic dispensing apparatus (not shown) . In order 
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to conduct this, first the cap 134 mounted on the upper end 
portion of the vessel body 130 is twisted and released. 
Accordingly, the state of the flange part 144 of the internal 
tube 132 being in close contact with the top edge of the 
5 vessel body 130 is released. Thus, the centrifugal 
separation chamber 148 are communicated to the outside air 
through a clearance between the inner peripheral surface 
of the upper portion of the vessel body 130 and the outer 
peripheral surface of the upper portion of the internal tube 

10 132 and through a clearance between the flange part 144 of 
the internal tube 132 and the top edge of the vessel body 
130. Then, the centrifugal precipitation tube in this state 
is fixed to a mounting portion of the automatic dispensing 
apparatus. Subsequently, a dispensing nozzle is lowered by 

15 means of a nozzle drive mechanism. Then, as shown in Fig. 
9, a disposable chip (hereinafter referred to as 
''dispochip") 158 forming a lower endportion of the dispensing 
nozzle is deeply inserted into the internal part of the 
internal tube 132 through the through hole 140 in the cap 

20 134 of the centrifugal precipitation tube. Next, as shown 
in Fig. 11 (a), the closure plug 150 at the lower end of 
the internal tube 132 is downwardly pressed by means of the 
lower end of the dispochip 158. Accordingly, as shown in 
Fig. 11 (b) , the closure plug 150 is disengaged from the 

25 lower end opening of the internal tube 132, and the lower 
end of the dispochip is inserted into the lower layer liquid 
154 . At this time, since the centrifugal separation chamber 
148 is communicated to the outside air as described above, 
it does not occur that the liquid flushes into the internal 

30 tube 132 due to gas pressure of the vapor phase portion. 
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even though the closure plug 150 is disengaged from the lower 
end opening of the internal tube 132. 

The closure plug 150 having been disengaged from the 
lower end opening of the internal tube 132 sinks vertically 
5 right under the lower end opening of the internal tube 132. 
The closure plug 150 having reached to the inner bottom face 
of the vessel body 130 falls down in any one of forward, 
backward, leftward or rightward directions because the lower 
surface side of the closure plug 150 is formed conical. 

10 Therefore, as shown in Fig. 11 (c), even though the lower 
end of the dispochip 158 is inserted in the proximity of 
the inner bottom face of the vessel body 130, the closure 
plug 150 is pressed away by the lower end of the dispochip 
158 or a part of the lower end face of the dispochip 158 

15 comes in contact with the closure plug 150. As a result, 
it does not occur that the lower end face of the dispochip 
158 comes in contact with the closure plug 150 and the entire 
of the lower end opening of the dispochip 158 is closed by 
the closure plug 150. 

20 Since the lower end of the dispochip 158 is inserted 

into the lower layer liquid 154, the lower layer liquid 154 
is sucked into the dispochip 158 through the lower end opening 
of the dispochip 158 by driving a syringe connected to the 
dispensing nozzle. At this time, as described above, since 

25 the lower end opening of the dispochip 158 is not closed 
by the closure plug 150, the lower layer liquid 154 is sucked 
without fail into the dispochip 158. In addition, at this 
time, since the lower end of the dispochip 158 is positioned 
further below the boundary between the upper layer liquid 

30 152 and the lower layer liquid 154, there is no such worry 
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that a part of the upper layer liquid 152 is mixed into the 
lower layer liquid 154 and a contamination takes place. 

Further, in the foregoing embodiments, the internal 
tube 132 and the cap 134 are separated. It is, however, also 
preferable that the internal tube and the cap is integrally 
formed or molded as shown in Fig. 12. Further, in the above 
description referring to Fig. 11, only the lower layer liquid 
is extracted from the centrifugal precipitation tube by means 
of the automatic dispensing apparatus. It is, however, also 
possible that only the lower layer liquid is extracted from 
the centrifugal precipitation tube by manual operation using 
a hole pipette or the like, as a matter of course. 

Furthermore, in the foregoing embodiments, the lower 
surface side of the closure plug 150 is formed into a conical 
or pyramidal shape. However, it is also preferable that the 
lower surface side of a closure plug may be formed into any 
other shape, as far as the closure plug comes off from the 
lower end portion of the internal tube and falls down in 
any one of forward, rearward, leftward and rightward 
directions from the coming off position upon reaching the 
inner bottom face of the vessel body. In this sense, it is 
preferable that a rod-shaped protrusion is provided at the 
central portion of the lower surface of a closure plug. 

Industrial Applicabi lity 
The centrifugal precipitation tube according to the 
present invention is used, for example, in the case that 
any medicament contained in a serum is extracted in the form 
of solvent extraction by an automatic extraction apparatus, 
or in the case that a medicament contained in a serum is 
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extracted in the form of solvent extraction and concentration 
of the medicament is automatically measured by an automatic 
concentration measurement apparatus^ when a liquid mixture 
of serum to which a solvent such as chloroform, after being 
5 shaken, is separated into a water phase and a solvent phase 
utilizing a difference in specific gravity by a centrifugal 
separator. When using this centrifugal precipitation tube, 
it becomes possible that only a lower layer liquid is exactly 
extracted without contamination involving an upper layer 
10 liquid. 
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What is claimed is: 

1. A centrifugal precipitation tube comprising: 
a tubular vessel body of which top end is opened while 
bottom end thereof being closed; and 
5 seal means for closing releasably the open top end of 

the vessel body in a liquid-tight manner; 

the centrifugal precipitation tube being 
characterized in that: 

an internal tube, diameter of which is smaller than 
10 that of the mentioned vessel body, is inserted in an internal 
part of the vessel body and secured thereto, whereby a 
centrifugal separation chamber is formed between inner 
peripheral surface of the vessel body and outer peripheral 
surface of the internal tube, and an upper portion and a 
15 lower portion of the centrifugal separation chamber are 
respectively communicated to an extraction chamber inside 
of the mentioned internal tube; 

a piston plug, lower end portion of which is inserted 
in the proximity of an inner bottom face of the mentioned 
20 vessel body, is slidably and removably inserted into the 
mentioned internal tube in axial direction thereof; 
communications between the upper and lower portions of the 
mentioned centrifugal separation chamber and the mentioned 
extraction chamber are respectively interrupted when 
25 inserting the mentioned piston plug into the innermost area 
of the mentioned internal tube; and 

an upper space of the mentioned centrifugal separation 
chamber and a space on the lower end face side of the piston 
plug in the mentioned extraction chamber are communicated 
30 to each other during the process of pulling out the mentioned 
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piston plug from the state of being inserted in the innermost 
area of the mentioned internal tube. 

2. The centrifugal precipitation tube according to 
claim 1, wherein said seal means and said piston plug are 
communicated to each other. 

3. The centrifugal precipitation tube according to 
claim 1 or 2, wherein a seal member, coming in close contact 
with the inner peripheral surface of the internal tube in 
a liquid-tight manner when said piston plug is inserted and 
fitted into said internal tube, is mounted on and secured 
to the external peripheral surface of said piston plug. 

4. The centrifugal precipitation tube according to 
claim 1 or 2, wherein upper end face of said internal tube 
is opened in the internal part of said vessel body so that 
upper portion of said centrifugal separation chamber and 
the extraction chamber inside of the internal tube are 
communicated to each other; and 

a slot is formed in the internal part of said piston 
plug in such a manner as to be opened at a lower end face 
and at an external peripheral surface of said piston plug. 

5. The centrifugal precipitation tube according to 
claim 1 or 2, wherein said internal tube is provided with 
a communication aperture so that upper portion of said 
centrifugal separation chamber and the extraction chamber 
inside of the internal tube are communicated to each other 
through said communication aperture; and 

a slot opened at the lower end face and external 
peripheral surface of the piston plug is formed in the internal 
part of the piston plug, and a groove or a concave-surface 
part communicating to said slot is formed on the external 
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peripheral surface of said piston plug. 

6. The centrifugal precipitation tube according to 
claim 1 or 2, wherein the internal tube is formed so that 
inner diameter of upper side portion thereof is larger than 
that of the lower end portion. 

7. A centrifugal precipitation tube comprising: 

a tubular vessel body of which top end is opened while 
bottom end thereof being closed; 

an internal tube being tubular shaped and having an 
outer diameter smaller than inner diameter of the mentioned 
vessel body, and which is inserted into the internal part 
of the vessel body and held so that lower end of the internal 
tube is positioned in the proximity of the inner bottom face 
of the vessel body; 

a closure plug which is detachably fitted to lower end 
portion of the mentioned internal tube, closes lower end 
opening of the internal tube in a liquid-tight manner, and 
easily comes off from the lower end portion of the internal 
tube by downward pressure force; and 

seal means for sealing a centrifugal separation chamber 
formed between inner peripheral surface of the mentioned 
vessel body and outer peripheral surface of the mentioned 
internal tube; 

the centrifugal precipitation tube being 
characterized in that: the lower surface side of the mentioned 
closure plug is formed into such a configuration that the 
closure plug comes off from the lower end portion of the 
mentioned internal tube and falls down in any one of forward, 
reward, leftward and rightward directions from the coming 
off position upon reaching the inner bottom face of the 
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mentioned vessel body. 

8. The centrifugal precipitation tube according to 
claim 1, wherein lower surface side of said closure plug 
is formed into a conical or pyramidal shape. 
5 9. The centrifugal precipitation tube according to 

claim 7 or 8, wherein a flange that comes in close contact 
with the upper edge portion of said vessel body either by 
interposition of a liquid-tight seal member or by direct 
engagement is formed on an upper end portion of said internal 
10 tube; 

a thread part is formed on an outer peripheral surface 
of the upper end portion of the mentioned vessel body; and 
seal means is formed by a cap having a thread part to be 
mounted on the upper end portion of the mentioned vessel 

15 body and screw threaded into the mentioned thread part, and 
which is provided with a through hole at the central portion 
of an upper surface; and 

wherein, by screw threading the cap into the upper end 
portion of the vessel body, a centrifugal separation chamber 

20 formed between inner peripheral surface of the vessel body 
and outer peripheral surface of the mentioned internal tube 
is sealed in an air-tight manner, while, by loosing the cap, 
the centrifugal separation chamber is communicated to 
outside air . 

25 
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Abstract of the Disclosure 
The invention relates to a tool capable of extracting 
only a lower layer liquid without contamination from a 
two-phase liquid separated into an upper layer liquid and 
5 a lower layer liquid by means of centrifugal force. An 
internal tube is inserted in and fixed to a vessel body with 
its top opened. Upper and lower portions of a centrifugal 
separation chamber formed between inner peripheral surface 
of the vessel body and outer peripheral surface of the internal 

10 tube is communicated to an extraction chamber inside of the 
internal tube. A piston plug integrally formed with a seal 
cap for closing top opening of the vessel body is fitted 
and inserted into the internal tube. Communication between 
the upper and lower portions of the centrifugal separation 

15 chamber and the extraction chamber is interrupted when 
inserting the piston plug into the innermost area of the 
internal tube. Upper space of the centrifugal separation 
chamber and space on the lower end face side of the piston 
plug are communicated during the process of pulling out the 

20 piston plug from the internal tube. Further, the internal 
tube is inserted into the vessel body with its top opened, 
lower end opening of the internal tube is closed by a closure 
plug coming off by a downward pressure force and falling 
down in any one of forward, rearward, leftward and rightward 

25 directions when reaching the inner bottom face of the vessel 
body, and the centrifugal separation chamber formed between 
the inner peripheral surface of the vessel body and the outer 
peripheral surface of the internal tube is sealed by a cap. 
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WE (I) the undersigned inventor(s), hereby declare(s) that: 

My residence, post office address and citizenship are as stated below next to my name. 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

PRECIPITATION TUBE FOR CENTRIFUGAL SEPARATION 



the specification of which 



□ is attached hereto. 

□ was filed on 



Application Serial No. 
and amended on 



tlf was filed as PCT international application 
Number PCT/ JP99/06526 



November 22, 1999 



and was amended under PCT Article 19 



. (if applicable). 



We (T) hereby state that we (T) have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this 
application as defined in Section 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(c5 or § 365(b) of any foreign 
application(s) for patent or inventor's certificate, or § 365(a) of any PCT International application which 
designated at least one country other than the United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority is claimed. Prior Foreign Application(s) 

Priority 



Application No. 


Country 


Day /Month/Year 


Claimed 


10/335949 


Japan 


26/11/98 


[EfYes 


□ No 


11/228544 


Japan 


12/08/99 


[B^es 


□ No 








□ Yes 


□ No 








□ Yes 


□ No 
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Declaration 

* We (I) hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any 
PCX International application designating the United States, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of 35 U,S.C. § 112, I acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR § 1.56 which became available between the 
filing date of the prior application and the national or PCT International filing date of this application. 

Status (pending, patented. 
Application Serial No. Filing Date abandoned) 

PCT/ JP99/06526 November 22, 199 9 



And we (I) hereby appoint: Norman F. Obion, Reg. No > 24,6 1 8 ; _ Marvin J. Spivak, Reg. No. l^J^C, Irvin 
McClelland, Reg. N o. 21,124; Gregory J. Maier, Reg. No . 25:599l Arthur I. Neustadt, Reg. No. 24,854; R ichard D. 
Kelly, Reg. N o. 27,757; Tames D. Hamilton, Reg. N o. 28,42 l;.E ckhard H. Kuesters, Reg. No. j8J8?b:^ Robert T. Pous, 
Reg. No. 29,099,: Charles L. Gholz, Reg. N o. 26,395; W iUiam E. Beaumont, Reg. No .^0^996; Jean-Paul Lavalleye, 
Reg. No. 31,451; Stephen G. Baxter, Reg. No_ ^ 32,8841 Richard L. Treanor, Reg. No. 36,379; Steven P. Weihrouch, 
Reg. N o. 32,829; John T. Goolkasian, Reg. No ^26,142; Richard L. Chinn, Reg. No.,J4,205^ Steven E. Lipman, Reg. 
No. 30,011; Carl E. Schlier, Reg. No. 34,426: Tames j". Kulbaski, Reg. No .^4,648^^ Richard A. Neifeld, Reg. No. 
_35,299; J. Derek Mason, Reg. No , 35,270; j urinder Sachar, Reg. N o^ 34,423; Jeffrey B. Mclntyre, Reg. No. 36,867^ 
William T. Enos, Reg. N o. 33,128; Michael E. McCabe, Jr., Reg. N o^37,182j^ Bradley D. Lytle, Reg. No. _40.073^and 
Michael R. Casey, Reg. No. 40^294^ our (my) attorneys, with full powers of substitution and revocation, to prosecute 
this application and to transact all business in the Patent Office connected therewith; and we (I) hereby request that 
all correspondence regarding this application be sent to the firm of OBLQN, SPIVAK, J4cCLELLAND. MAIER 6c 
NEUSTADT , P.C., whose Post Office Address is : Fourth Floor, 1755 J efferson Davis Hig hway, Arlington,^Virginia 
22202. 



We (I) declare that aU statements made herein of our (ray) own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 
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JAPAN 



Citizen of: Japan 



Post Office Address: 
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Citizen of: 
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